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(67) A vacuum thermal insulator includes a core (3)
that is formed of a single fiber sheet comprising heat in-
sulation fibers (5) extending in a plane direction or of a
plurality of such fiber sheets laminated; and an enclosure
(4) that accommodates the core (3). At least a part of the
vacuum thermal insulator can be bent in a curved shape,
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and the fiber sheet includes a plurality of thickness-di-

rection fibers (6), which are formed by causing some of
the heat insulation fibers (5) to extend in a thickness di-
rection of the fiber sheet, and has a plurality of fiber re-
cesses provided in at least one surface thereof.
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Description
Technical Field

[0001] The presentinvention relates to a vacuum ther-
mal insulator that can be easily bent, and a heat retainer
having the same.

Background Art

[0002] Glass wool is a typical material used as an in-
sulation material for boiler systems, heating systems, re-
frigeration apparatuses, or other systems. However, from
the standpoint of saving energy, use of vacuum thermal
insulators have been proposed.

[0003] Vacuum thermalinsulators canreduce the heat
conductivity by at least one order of magnitude, com-
pared with glass-wool insulation materials, and have
higher insulation performance than the glass-wool insu-
lation materials. Objects, such as refrigeration appara-
tuses, to which vacuum thermal insulators are attached
include those having a flat attachment surface and those
having a curved attachment surface for the vacuum ther-
mal insulators. Hence, there is a need for processing
vacuum thermal insulators such that they have a curved
shape in use, and various vacuum thermal insulators that
can be easily bent have been proposed (see, for exam-
ple, Patent Literatures 1 and 2).

[0004] The technique described in Patent Literature 1
makes bending of a vacuum thermal insulator into a
three-dimensional shape easy by providing a groove or
arecess and a projection in the vacuum thermal insulator.
Note that, in the technique described in Patent Literature
1, the groove or the recess and the projection are formed
in the vacuum thermal insulator by, for example, clamp-
ing, from above and below, an outer wrapping member
having a core member inserted therein with dies under
vacuum,.

[0005] The technique described in Patent Literature 2
makes bending easy by providing a groove in a vacuum
thermal insulator. Note that, in the technique described
in Patent Literature 2, the groove is formed in a side sur-
face part perpendicular to the thickness direction of the
insulation material by compression-molding the vacuum
thermal insulator.

List of Citations

Patent Literature

[0006]
Patent Literature 1: Japanese Unexamined Patent
Application Publication JP 2007-205 530 A

Patent Literature 2: Japanese Unexamined Patent
Application Publication JP 2001-336 691 A
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Summary of Invention

Technical Problem

[0007] In a typical vacuum thermal insulator, a core
formed of a block of fibers, such as glass wool, is sealed
in an enclosure, and, to improve the insulation perform-
ance of the vacuum thermal insulator, the orientation of
the fibers in the core is set perpendicular to or substan-
tially perpendicular to the thickness direction of the vac-
uum thermal insulator.

[0008] However, in the vacuum thermal insulator de-
scribed in Patent Literature 1, the core (core member) is
sealed in the outer wrapping member (enclosure), and
the core and the outer wrapping member are clamped
with the dies to form a projection. Due to this processing
for forming the projection, the fibers in the core (core
member) have sometimes been oriented in the thickness
direction of the vacuum thermal insulator. If the fibers in
the core are oriented in the thickness direction of the
vacuum thermal insulator, the heat conduction through
the fibers in the core increases, leading to a problem that
the insulation performance of the vacuum thermal insu-
lator is deteriorated.

[0009] Furthermore, when a flat-plate-shaped vacuum
thermal insulator is bent, circumferential lengths become
different between the outer circumferential side (outer
side) and the inner circumferential side (inner side) of the
vacuum thermal insulator, and, to absorb this circumfer-
ential length difference, creases have sometimes been
formed in the enclosure that is located on the inner cir-
cumferential side when bent, and in the core adjacent
thereto. If the creases are formed in the core, the fibers
in the core are oriented in the thickness direction of the
vacuum thermal insulator, increasing the heat conduc-
tion through thefibersinthe core and leading to a problem
that the insulation performance of the vacuum thermal
insulator is deteriorated.

[0010] Also in the vacuum thermal insulator described
in Patent Literature 2, a core is sealed in an outer wrap-
ping member, and a groove is formed by compression-
molding the core and the outer wrapping member. Due
to this processing for providing a groove, the fibers in the
core (core member) are oriented in the thickness direc-
tion of the vacuum thermal insulator, leading to a problem
that the insulation performance of the vacuum thermal
insulator is deteriorated.

[0011] The present invention has been made to over-
come the above-described problems, and an object
thereof is to provide a vacuum thermal insulator that can
be easily formed in a curved shape or that can be easily
bent, while suppressing deterioration of the insulation
performance, and to provide a heat retainer having such
a vacuum thermal insulator.

Solution to the Problem

[0012] A vacuum thermal insulator of one embodiment
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of the present invention includes: a core formed of a sin-
gle fiber sheet comprising heat insulation fibers extend-
ing in a plane direction, or a lamination of a plurality of
such fiber sheets; and an enclosure accommodating the
core, the vacuum thermal insulator being deformable by
bending to have a curved shape at least at a part of the
vacuum thermal insulator, the fiber sheetincluding a plu-
rality of thickness-direction fibers being a part of the heat
insulation fibers and extending in a thickness direction
of the fiber sheet, the fiber sheet comprising a plurality
of fiber recesses provided in at least one surface thereof.

Advantageous Effects of the Invention

[0013] The vacuum thermal insulator of one embodi-
ment of the presentinvention can be easily bent because
the fiber recesses are provided. Furthermore, because
there are the thickness-direction fibers intersecting the
lamination surface of the heat insulation fibers, the move-
ment of the heat insulation fibers is restricted by the thick-
ness-direction fibers. Thus, it is possible to inhibit the
heat insulation fibers from being shifted away from the
lamination surface and oriented in the thickness direction
of the vacuum thermal insulator, and thus to suppress
deterioration of the insulation performance.

Brief Description of the Drawings

[0014]
FIG. 1 is a schematic sectional view showing a vac-
uum thermal insulator according to Embodi-
ment 1 of the present invention.

is an enlarged schematic sectional view of a
fiber sheet of the vacuum thermal insulator
according to Embodiment 1 of the present in-
vention.

is an enlarged schematic sectional view of the
bent vacuum thermal insulator according to
Embodiment 1 of the present invention.

is an enlarged schematic sectional view of a
fiber sheet of a vacuum thermal insulator ac-
cording to Comparative Example 3.

is a schematic sectional view showing a case
where a core of a vacuum thermal insulator
according to Embodiment 2 of the present in-
vention is formed of a single fiber sheet.

is a schematic perspective view showing a
curved vacuum thermal insulator according
to Embodiment 3 of the present invention.

is a schematic view showing the surface of a
fiber sheet of a vacuum thermal insulator ac-
cording to Embodiment 3 of the present in-
vention.

is a schematic perspective view of a hemi-
spherical vacuum thermal insulator according
to Embodiment 5 of the present invention.

is a schematic view showing the surface of a

FIG. 2

FIG. 3

FIG. 4

FIG. 5

FIG. 6

FIG. 7

FIG. 8

FIG. 9
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fiber sheet of the hemispherical vacuum ther-
mal insulator according to Embodiment 5 of
the present invention.

is a schematic view showing the surface of a
fiber sheet of a vacuum thermal insulator dif-
ferent from that in FIG. 9.

is an enlarged schematic sectional view of fib-
er sheets of a vacuum thermal insulator ac-
cording to Embodiment 6 of the present in-
vention.

is a schematic sectional view of a heat-retain-
ing tank according to Embodiment 7 of the
present invention.

is a chart showing the relationship between
the radius of curvature of the vacuum thermal
insulator when bent and the amount of heat
dissipation, according to Embodiment 8 of the
present invention.

is an enlarged schematic sectional view of a
bent vacuum thermal insulator according to
Embodiment 9 of the present invention.

FIG. 10

FIG. 11

FIG. 12

FIG. 13

FIG. 14

Description of Embodiments

[0015] Embodiments of the present invention will be
described below on the basis of the drawings. Note that
the present invention is not limited by the embodiments
described below. Furthermore, in the drawings below,
the dimensional relationships between components may
be different from those in actual ones.

Embodiment 1

[0016] FIG. 1is a schematic sectional view showing a
vacuum thermal insulator 10 according to Embodiment
1 of the present invention. FIG. 2 is an enlarged sche-
matic sectional view of a fiber sheet 11 of the vacuum
thermal insulator 10 according to Embodiment 1 of the
present invention. FIG. 3 is an enlarged schematic sec-
tional view of the bent vacuum thermal insulator 10 ac-
cording to Embodiment 1 of the present invention.
[0017] As shown in FIG. 1, the vacuum thermal insu-
lator 10 according to Embodiment 1 includes: a core 3,
which is formed by laminating fiber sheets 11 including
heat insulation fibers 5 formed of glass; and an enclosure
4, which seals the core 3 with outer covering sheets 4a,
which are formed of, for example, resin or metal foil. Fur-
thermore, the vacuum thermal insulator 10 before being
subjected to bending (bent) has a flat shape.

[0018] As shown in FIG. 2, the fiber sheets 11 each
include the heat insulation fibers 5 extending in the plane
direction (in a sheet-like configuration), and thickness-
direction fibers 6 that restrict the movement of the heat
insulation fibers 5. The thickness-direction fibers 6 are
formed so as to extend in the thickness direction of the
fiber sheet 11 (i.e., the up-and-down direction in FIG. 2)
and so as to be distributed over the surface of the fiber
sheet 11. Note that, although the heat insulation fibers 5
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and the thickness-direction fibers 6 intersect each other
at right angles because the thickness-direction fibers 6
extend in the thickness direction of the fiber sheet 11,
they do not necessarily have to intersect each other at
right angles, but may intersect each other at other angles.
[0019] The thickness-direction fibers 6 are formed by,
forexample, inserting needles usedin a needle-punching
method into the fiber sheet 11. As a result of the thick-
ness-direction fibers 6 being formed, fiber recesses 7,
which are recessed in the thickness direction of the fiber
sheet 11, are formed. In other words, the thickness-di-
rection fibers 6 and the fiber recesses 7 are obtained as
a result of the needles being inserted into the fiber sheet
11, making the heatinsulation fibers 5 extend in the thick-
ness direction of the fiber sheet 11.

[0020] The fiber recesses 7 are formed as a result of
the heat insulation fibers 5 that are disposed at the sur-
face, of the surfaces of the fiber sheet 11, from which the
needles enter (i.e., the lower side in FIG. 2) being pushed
in by the entrance of the needles,. The fiber recesses 7
are formed on the inner circumferential side (inner side)
in the case where the fiber sheet 11 is bent, and are not
formed on the outer circumferential side (outer side) op-
posite to the inner circumferential side. In other words,
the thickness-direction fibers 6 are formed in the shape
of aprotrusion, and the inner circumferential side of which
is open as the fiber recess?.

[0021] Note that it is desirable that the fiber recesses
7 be formed so as to have a diameter of is, for example,
about 0.3 mmto 1.0 mm. Furthermore, the fiber recesses
7 may or may not penetrate through both sides of the
fiber sheet 11 when provided. After formation, the fiber
recesses 7 are in the surface of the fiber sheet 11 from
which the needles have entered, whereas fibers bent in
the shape of a protrusion are formed in the surface op-
posite to the surface from which the needles have en-
tered.

[0022] Note thatthefiberrecesses 7 correspondto "fib-
er recesses" of the present invention.

[0023] As shown in FIG. 1, the core 3 is formed by
laminating, from the lower side to the upper side (in FIG.
1), a plurality of fiber sheets 11 that have been cut in a
desired size in advance. The core 3 is enclosed (sealed)
in the enclosure 4. Note that the number of the fiber
sheets 11 laminated and the thickness thereof are set
such that the vacuum thermal insulator 10 has a desired
thickness in consideration of, for example, the compres-
sion strain caused by the difference in pressure between
the atmospheric pressure and the vacuum. Note that,
depending on the desired thickness of the vacuum ther-
mal insulator and the thickness of the fiber sheet 11, the
fiber sheet 11 may be used alone, without being laminat-
ed.

[0024] The materials of the heat insulation fibers 5 and
the thickness-direction fibers 6 are, for example, E glass.
When the heat insulation fibers 5 and the thickness-di-
rection fibers 6 are formed, filaments having a diameter
of about 6 pum to 20 wm are formed by using, for example,
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a continuous filament method. Then, the filament is cut
to an average length of about 30 mm or more, fabricating
chopped fibers (continuous glass fiber). Then, the
chopped fibers are opened and distributed in a flat con-
figuration. In this way, a sheet-like member in which the
axial direction of the heat insulation fibers 5 is substan-
tially parallel to the plane can be formed.

[0025] Thereafter, by using a needle-punching meth-
od, some of the heat insulation fibers 5 are formed so as
to serve as the thickness-direction fibers 6 that restrict
the movement of the heat insulation fibers 5, and the fiber
recesses 7 are provided in the sheet-like member. By
going through these steps, the fiber sheet 11 can be pro-
duced. The thus-produced fiber sheet 11 is, for example,
taken up by a roller.

[0026] Note that the fibers of the fiber sheet 11 do not
necessarily have to be chopped fibers, but may be a con-
tinuous fiber formed by bundling a continuous filament
and opening it into a flat configuration, or a mixture of
continuous fiber and chopped fibers. Furthermore, the
fiber sheet 11 does not need to be taken up by a roller,
but may be, for example, cut into a predetermined size.
[0027] The enclosure 4 accommodates, between the
two outer covering sheets 4a, the core 3, which is formed
by laminating a plurality of fiber sheets 11 provided with
the thickness-direction fibers 6. The enclosure 4 is a lam-
inate structure and includes, for example, in the following
order from the outer side to the inner side: an ON (ori-
ented nylon) layer of 25 um, a PET (polyester) layer of
12 pm, an AL (aluminum) foil layer of 7 um, and a CPP
(cast polypropylene) layer of 30 pm.

[0028] Next, a method for producing the vacuum ther-
mal insulator 10 by inserting the core 3 into the enclosure
4 will be described.

[0029] First, the enclosure 4 is fabricated in the shape
of a bag in advance, using the two outer covering sheets
4a. Then, the core 3 is dried and is then inserted into the
enclosure 4, together with a gas absorbing agent. There-
after, the enclosure 4 is disposed in a vacuum chamber.
Then, the pressure inside the vacuum chamber is re-
duced to a predetermined pressure, for example, a vac-
uum pressure of about 0.1 to 3 Pa. In this state, the re-
maining opening of the enclosure 4 is sealed by heat
sealing. Finally, by returning the pressure inside the vac-
uum chamber to the atmospheric pressure and taking
the enclosure 4 out of the vacuum chamber, the vacuum
thermal insulator 10 is obtained.

[0030] Note that, the core 3 may be formed so that they
are sandwiched between the two outer covering sheets
4a and disposed in the vacuum chamber, and the pres-
sure inside the vacuum chamber is reduced, and there-
after the peripheries of the upper and lower outer cover-
ing sheets 4a may be sealed by heat sealing. Further-
more, to remove moisture contained in the fiber sheets
11, a step of heating in the vacuum process may be pro-
vided to remove this moisture, other than a step of heating
the fiber sheet 11 before or after cutting.

[0031] Furthermore, the enclosure 4 may be heated in
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advance. Moreover, a gas absorbing agent that is made
of, for example, calcium oxide (CaO), zeolite, molecular
sieve, iron powder, lithium, barium, or the like may be
used alone or in combination so as to share the functions
according to the type of the gas to be absorbed, the ab-
sorbing speed, etc.

Comparative Example 1 (Method for Laminating Fiber

Sheets)

[0032] To achieve low thermal conductivity and to ob-
tain knowledge about the difficulty in sheet formation, a
testin the case where the fiber sheets 11 produced by a
needle-punching method are used as the core 3 of the
vacuum thermal insulator 10 was performed, using the
interval between the thickness-direction fibers 6 as a pa-
rameter. In Comparative Example 1, three types of fiber
sheets were fabricated, in which the intervals between
the thickness-direction fibers 6 are:

(1) about 1.5 mm; (2) about 3 mm; and (3) about 4
mm.

[0033] Note that, in Comparative Example 1, assuming
that there are a first direction parallel to the surface of
the fiber sheet and a second direction parallel to the sur-
face and perpendicular to the first direction, the thick-
ness-direction fibers 6 were formed so as to be side-by-
side in the first direction and also in the second direction.
The distance between the adjacent thickness-direction
fibers 6 in the first direction and the distance between
the adjacent thickness-direction fibers 6 in the second
direction were set equal to each other.

[0034] Furthermore, in Comparative Example 1, the
fiber diameter, ¢, of the heat insulation fibers 5 (and the
thickness-direction fibers 6) was set to 6 uwm, the fiber
weight per unit area of the fiber sheet was set to about
240 g/m2, and the average thickness of the fiber sheet
was set to about 3 mm. Herein, needle-punching was
performed only from one side of the fiber sheet. Then,
fifteen fiber sheets were laminated in a random manner,
regardless of in which surfaces of the fabricated fiber
sheets the fiber recesses 7 were provided, three types
of vacuum thermal insulators were fabricated by the
above-described method, and the thermal conductivities
thereof were measured.

[0035] As aresult, the thermal conductivity of the vac-
uum thermal insulator in which

(1) the interval between the thickness-direction fib-
ers 6 is about 1.5 mm was 0.0034 W/(m-K), the ther-
mal conductivity of the vacuum thermal insulator in
which

(2) the interval between the thickness-direction fib-
ers 6 is about 3 mm was 0.0022 W/(m-K), and

(3) the thermal conductivity of the vacuum thermal
insulator in which the interval between the thickness-
direction fibers 6 is about 4 mm was 0.0017 W/(m-K).
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[0036] It may be considered that, because the number
of glass fibers oriented in the direction in which fibers are
laminated decreases as a result of increasing the interval
between the thickness-direction fibers 6, the solid heat
conduction (i.e., the heat conduction through the fibers)
is suppressed, and the insulation performance can be
improved. However, when the interval between the thick-
ness-direction fibers 6 was increased to a value greater
than4 mm, binding of the fibers became insufficient, mak-
ing sheet formation (fabrication of the fiber sheet) difficult.

Comparative Example 2

(Thermal Conductivity When Vacuum Insulation Material

Was Bent)

[0037] Next, the above-described three types of vac-
uum thermal insulators were subjected to bending (bent)
and evaluated. The vacuum thermal insulators were
formed in a curved shape having a radius of curvature
of about 190 mm by using a three-point bending roller,
and the heat conductivities of the thus-fabricated curved
vacuum thermal insulators were measured.

[0038] As a result, the thermal conductivity of the vac-
uum thermal insulator in which (1) the interval between
the thickness-direction fibers 6 is about 1.5 mm was
0.0041 W/(m-K), the thermal conductivity of the vacuum
thermal insulator in which (2) the interval between the
thickness-direction fibers 6 is about 3 mm was 0.0029
W/(m-K), and (3) the thermal conductivity of the vacuum
thermal insulator in which the interval between the thick-
ness-direction fibers 6 is about 4 mm was 0.0023
W/(m-K), and thus, it was confirmed that the thermal con-
ductivity was decreased by forming the vacuum thermal
insulator in a curved shape.

Thermal Conductivity of Vacuum Insulation Material 10
according to Embodiment 1

[0039] Then, the above-described three types of the
vacuum thermal insulators 10 according to Embodiment
1 were fabricated, and their performances were evaluat-
ed. First, the fiber sheets 11 were laminated such that
the surfaces provided with the fiber recesses 7 by needle-
punching face the same direction, and, using these lam-
inate as the cores 3, the vacuum thermal insulators 10
were fabricated. Then, similarly to Comparative Example
2, the vacuum thermal insulators 10 were formed in a
curved shape having a radius of curvature of about 190
mm, such that all the fiber recesses 7 in the laminated
fiber sheets 11 are distributed on the inner circumferential
side, as shown in FIG. 3, and the heat conductivities
thereof were measured.

[0040] As a result, the thermal conductivity of the vac-
uum thermal insulator 10 in which

(1) the interval between the thickness-direction fib-
ers 6 is about 1.5 mm was 0.0038 W/(m-K),
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(2) the thermal conductivity of the vacuum thermal
insulator 10 in which the interval between the thick-
ness-direction fibers 6 is about 3 mm was 0.0026
W/(m-K), and

(3) the thermal conductivity of the vacuum thermal
insulator 10 in which the interval between the thick-
ness-direction fibers 6 is about 4 mm was 0.0021
W/(m-K).

[0041] Herein, the insulation performance was signifi-
cantly improved, compared with the vacuum thermal in-
sulators according to Comparative Example 2, in which
the fiber sheets 11 were laminated such that the fiber
recesses 7 are randomly located on the outer circumfer-
ential side and the inner circumferential side. This relates
to the fact that the fiber sheets 11 that are bent such that
the fiber recesses 7 are distributed on the outer circum-
ferential side are deformed in directions in which the fiber
recesses 7 become bigger, along the thickness-direction
fibers 6.

[0042] In Comparative Example 2, in the fiber sheets
that are laminated such that the fiber recesses 7 are lo-
cated on the outer circumferential side, when the fiber
sheets 11 are bent, the spaces in the fiber recesses 7
expand, making gas molecules remaining in the enclo-
sure 4 easy to move in the lamination direction, that is,
the heat-transfer direction. This may have increased the
effect of gas heat conduction, and consequently, have
increased the thermal conductivities of the vacuum ther-
mal insulators according to Comparative Example 2.
[0043] In otherwords, it may be considered that, in the
vacuum thermalinsulators according to Comparative Ex-
ample 2, in which the fiber sheets 11 were laminated in
a random manner, because (a large number of) fiber
sheets 11 having the fiber recesses 7 distributed on the
outer circumferential side were contained, the thermal
conductivities thereof were high.

[0044] In contrast, it may be considered that, in the
vacuum thermal insulator 10 according to Embodiment
1, in which the surfaces provided with the fiber recesses
7 were located on the inner circumferential side of the
fiber sheets 11, because the fiber recesses 7 are urged
in directions in which they are closed due to the difference
between the inner and outer circumferential lengths
caused when bending is performed, the gas heat con-
duction was suppressed, and consequently, the perform-
ance was improved.

Comparative Example 3 (Surface in Which Recessed
Fiber Holes 7 Are Formed)

[0045] FIG. 4 is an enlarged schematic sectional view
of a fiber sheet 11a of a vacuum thermal insulator ac-
cording to Comparative Example 3.

[0046] Next, Comparative Example 3 will be described,
using FIG. 4.

[0047] In Comparative Example 3 shown in FIG. 4, the
fiber recesses 7 are formed in one surface of the fiber
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sheet 11 a, and second fiber recesses 7a are formed in
the other surface. Corresponding to them, in the fiber
sheet 11 a, the thickness-direction fibers 6, which are
recessed from the one surface toward the other surface,
and second thickness-direction fibers 6a, which are re-
cessed from the other surface toward the one surface,
are provided.

[0048] Inotherwords, in Comparative Example 3, nee-
dle-punching was performed on both surfaces of the fiber
sheet 11a. In Comparative Example 3, the fiber sheet
11a having specification according to (2) of Comparative
Example 1 was fabricated. More specifically, because
needle-punching was performed from both surfaces, the
interval between the thickness-direction fibers 6 on each
side was set to about 6 mm, which is substantially equal
to the specification of the fiber sheet in which needle-
punching was performed only on one side, and the inter-
val between the thickness-direction fibers 6 was about 3
mm.

[0049] As a result, the thermal conductivity of the flat-
plate-shaped vacuum thermal insulator 10 was 0.0022
W/(m-K), which is substantially the same as the result
obtained with the sample formed in Embodiment 1. How-
ever, when the vacuum thermal insulator 10 was formed
in a curved shape, the thermal conductivity thereof be-
came 0.0028 W/(m-K), which is close to the result ob-
tained when the fiber sheets were laminated in a random
manner, as described in Comparative Example 2, and
deterioration of the insulation performance related to the
thermal conductivity of the vacuum thermal insulator was
observed. The reason for this may be considered that,
as described above, when the fiber recesses 7 are locat-
ed on the outer circumferential side, as a result of bend-
ing, spaces that allow gas to easily move are formed,
increasing the gas heat conduction, and consequently,
decreasing the insulation performance.

[0050] Note that the thermal conductivity of the flat-
plate-shaped vacuum thermal insulator was measured
with a thermal conductivity meter manufactured by EKO
Instruments. Furthermore, the thermal conductivity of the
curved vacuum thermal insulator was measured by pro-
ducing a device that work on the same measurement
principle as the above-described thermal conductivity
meter, the device sandwiching the vacuum thermal insu-
lator between curved heat flux sensors, one of which is
provided with a heating part and the other of which is
provided with a cooling part, and on the basis of the re-
lationship between the amount of heat transfer and the
thickness, using a steady state method.

Comparative Example 4 (Weight per Unit Area of Fiber
Sheet)

[0051] Assuming that the binding strength of the fiber
sheet is typically the tensile strength in the plane direc-
tion, the tensile strength is considered to increase as the
thickness increases. Hence, fiber sheets in which the in-
terval between the thickness-direction fibers 6 was set
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to 3 mm, as in the condition in (2), and which have dif-
ferent weights per unit area, that is, a thickness of about
8 mm and a thickness of about 11 mm, were fabricated.
Then, the fiber sheets were laminated to form cores 3,
and the thermal conductivities of the vacuum thermal in-
sulators having the cores 3 were measured.

[0052] As a result, the vacuum thermal insulator in
which the thickness of the fiber sheet is about 8 mmin a
flat plate state had a thermal conductivity of 0.0027
W/(m-K), and the vacuum thermal insulator in which the
thickness of the fiber sheet is about 11 mm had a thermal
conductivity of 0.0030 W/(m-K). The reason for this may
be considered that, if the fiber sheet has a large thick-
ness, the heat insulation fibers 5 constituting the fiber
sheet tend to be inclined in the lamination direction (thick-
ness direction), increasing the solid heat conduction from
the heat insulation fibers 5.

[0053] Next, fabrication of a fiber sheet in which the
thickness of the fiber sheet is about 8 mm and the interval
between the thickness-direction fibers 6 is 8 mm was
attempted. As described in Comparative Example 1,
when the thickness of the fiber sheet was 3 mm, and the
interval between the fiber recesses 7 was 8 mm, sheet
formation was difficult. However, when the thickness of
the fiber sheet was about 8 mm, and the interval between
the thickness-direction fibers 6 was 8 mm, sheet forma-
tion was successful.

[0054] As a result of forming a vacuum thermal insu-
lator using this fiber sheet, and measuring the thermal
conductivity thereof, the vacuum thermal insulator had a
thermal conductivity of 0.0023 W/(m-K) in a flat plate
shape. The reason for this may be considered that, by
increasing the thickness of the fiber sheet, the interval
between the thickness-direction fibers 6, which bind the
fibers together, was increased.

[0055] From these results, it was confirmed that, when
the relationship among the thickness, t, of the fiber sheet
11, the interval, Px, between the thickness-direction fib-
ers 6, and the thermal conductivity was sorted out, and,
when a thermal conductivity of 0.0025 W/(m-K) or less
was set as performance criteria, by satisfying t/ Px <1,
the performance was improved.

[0056] From these facts, the vacuum thermal insulator
10 according to Embodiment 1 not only can achieve a
low thermal conductivity with a flat plate shape, but also
can suppress deterioration of the thermal conductivity,
even when it is formed in a curved shape. Accordingly,
for example, it is possible to suppress heat dissipation
from the body of a curved hot-water-storage tank, which
is used for, for example, a boiler system or a heating
system, and to achieve an efficient system.

Advantageous effects of Vacuum Insulation Material 10
according to Embodiment 1

[0057] The vacuum thermal insulator 10 according to
Embodiment 1 can be easily bent because the fiber re-
cesses 7 are provided. Furthermore, because there are
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the thickness-direction fibers 6 intersecting the lamina-
tion surface of the heat insulation fibers 5, the movement
of the heat insulation fibers 5 is restricted by the thick-
ness-direction fibers 6. Thus, it is possible to inhibit the
heat insulation fibers 5 from being shifted away from the
lamination surface and oriented in the thickness direc-
tion, and thus to suppress deterioration of the insulation
performance.

[0058] Moreover, because the surface of the fiber
sheet 11 in which the fiber recesses 7 are distributed is
formed so as to be located on the inner circumferential
side of the vacuum thermal insulator 10, when the vac-
uum thermal insulator 10 is bent, the fiber recesses 7
become small, and thus, deterioration of the insulation
performance due to gas heat conduction can be sup-
pressed.

[0059] Furthermore, because the vacuum thermal in-
sulator 10 according to Embodiment 1 is configured such
that the relationship between the thickness, t, of the fiber
sheet 11 and the interval, Px, between the thickness-
direction fibers 6 satisfies the relationt / Px < 1, the in-
sulation performance is improved even more.

Embodiment 2

[0060] Embodiment 2 of the present invention will be
described below, focusing on the difference from Em-
bodiment 1. Explanations that overlap those of Embod-
iment 1 will be (partially) omitted, and the components
the same as or corresponding to those in Embodiment 1
will be denoted by the same reference signs.

[0061] FIG. 5is a schematic sectional view showing a
case where the core 3 of a vacuum thermal insulator 20
according to Embodiment 2 of the present invention is
formed of a single-layer of a fiber sheet 21.

[0062] As shown in FIG. 5, the core 3 of the vacuum
thermal insulator 20 according to Embodiment 2 is
formed of a single fiber sheet 21, in which the thickness-
direction fibers 6 are formed.

Advantageous effects of Vacuum Insulation Material 20
according to Embodiment 2

[0063] The vacuum thermal insulator 20 according to
Embodiment 2 has the following advantageous effects,
in addition to the same advantageous effects as those
provided by the vacuum thermal insulator 10 according
to Embodiment 1.

[0064] In the vacuum thermal insulator 20 according
to Embodiment 2, because the fiber sheet 21 is fabricated
in a desired thickness, and the core 3 is formed of a single
fiber sheet 21, a step of laminating the fiber sheets 21 is
unnecessary. In addition, although there is a possibility
of the heat insulation fibers 5 being inclined in the heat-
transfer direction (thickness direction) due to a large
thickness of the fiber sheet 21, the curved vacuum ther-
mal insulator 20 can be produced at lower cost.
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Embodiment 3

[0065] Embodiment 3 of the present invention will be
described below, focusing on the difference from Em-
bodiments 1 and 2. Explanations that overlap those of
Embodiments 1 and 2 will be (partially) omitted, and the
components the same as or corresponding to those in
Embodiments 1 and 2 will be denoted by the same ref-
erence signs.

[0066] FIG. 6is aschematic perspective view showing
a curved vacuum thermal insulator 30 according to Em-
bodiment 3 of the present invention, and FIG. 7 is a sche-
matic view showing the surface of a fiber sheet 31 of the
vacuum thermal insulator 30 according to Embodiment
3 of the present invention.

[0067] Note that, in FIG. 6, a direction in which the
curved vacuum thermal insulator 30 is bent (i.e., a bend-
ing direction of the vacuum thermal insulator 30) is re-
ferred to as a direction H, a direction perpendicular to the
direction H (i.e., the axial direction of a cylinder) is re-
ferred to as adirection V, and the enclosure 4 is illustrated
in dashed lines. Furthermore, FIG. 7 shows a state in
which the fiberrecesses 7 are distributed over the surface
of the fiber sheet 31. Of two directions perpendicular to
each other, a plurality of fiber recesses 7 are provided at
an interval P in one direction, and a plurality of fiber re-
cesses 7 are provided at an interval R in the other direc-
tion. The relationship between Pand Ris R < P.

[0068] In Embodiment 3, a sample formation was at-
tempted, in which needle-punching, with the interval P
being about 6mm and the interval R being about 3 mm,
was performed only on one side of the fiber sheet 31
having a glass fiber diameter ¢ of 6 um, a weight per unit
area of about 240 g/m2, and an average thickness of 3
mm, which are the same conditions as those in Embod-
iment 1. Herein, sheet formation was possible when the
direction in which the fiber recesses 7 are provided at
the interval R was aligned with the direction in which the
fiber sheet 31 was fed by, for example, a conveyer and
a roll winding apparatus when needle-punching was per-
formed.

[0069] However, sheet formation was not successful
when the direction in which the fiber recesses 7 are pro-
vided at the interval P was aligned with the direction in
which the fiber sheet 31 was fed, because the binding
strength of the fibers was insufficient. Hence, the suc-
cessfully formed fiber sheets 31 were laminated such
that the surfaces provided with the fiber recesses 7 face
the same direction to form the core 3, and the vacuum
thermal insulator 30 was fabricated.

[0070] Next, the vacuum thermalinsulator 30 was bent
to a radius of curvature of 190 mm, such that the fiber
recesses 7 were located on the inner circumferential side
of the curved vacuum thermal insulator 30. At this time,
two types of samples are fabricated, which are:

(1) a vacuum thermal insulator 30 in which the direc-
tion in which the fiber recesses 7 are provided at the
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interval R is the direction H, and the direction in which
the fiber recesses 7 are provided at the interval P is
the direction V; and

(2) a vacuum thermal insulator 30 in which the direc-
tion in which the fiber recesses 7 are provided at the
interval R is the direction V, and the direction in which
the fiber recesses 7 are provided at the interval P is
the direction H, and their thermal conductivities were
measured. At this time, the number of the fiber re-
cesses 7 per unit area of the fiber sheet 31 was con-
stant.

[0071] As a result, the thermal conductivity of (1) the
vacuum thermal insulator 30 of was 0.0018 W/(m-K), and
the thermal conductivity of (2) the vacuum thermal insu-
lator 30 of was 0.0020 W/(m-K). Hence, it is understood
that it is desirable that the fiber recesses 7 be provided
at different intervals between the bending direction of the
fiber sheet 31 (direction H) and the direction perpendic-
ular to the bending direction (direction V), and the core
3 be formed by forming the vacuum thermal insulator 30
in a curved shape such that the direction in which the
fiber recesses 7 are provided at the smaller interval be
aligned with the bending direction of the fiber sheet 31
(direction H).

[0072] Specifically, by forming the fiber recesses 7 so
as to satisfy R < P, by aligning the direction in which the
fiber recesses 7 are provided at the interval P with the
direction V, and by aligning the direction in which the fiber
recesses 7 are provided at the interval R with the direction
H, even higher insulation performance can be obtained.
[0073] The reason for this may be considered that, be-
cause the number of thickness-direction fibers 6 per unit
area of the fiber sheet 31 in the vacuum thermal insulator
30 according to Embodiment 3 was smaller than that in
the vacuum thermal insulator 10 according to Embodi-
ment 1, in which the interval between the thickness-di-
rection fibers 6 is about 3 mm, the solid heat conduction
was suppressed.

[0074] Another reason may be considered that, be-
cause, when the vacuum thermal insulator 30 was
formed in a curved shape, the vacuum thermal insulator
30 was bent such that bending occurs at the thickness-
direction fibers 6, formation of deep creases on the inner
circumferential side was suppressed, reducing the pro-
portion of the heat insulation fibers 5 in the fiber sheet
31, which constitutes the core 3, inclined in the heat-
transfer direction (the thickness direction or the lamina-
tion direction), and hence suppressing the solid heat con-
duction. Accordingly, the vacuum thermal insulator 30
according to Embodiment 3 is less likely to decrease in
thermal conductivity and has high performance, even
when it is formed in a curved shape.

[0075] Furthermore, when the vacuum thermal insula-
tor 30 employing the fiber sheet 31 that satisfies R < P
was processed in a curved shape having a radius of cur-
vature of 85 mm, a curved vacuum thermal insulator 30
having very few creases on the inner circumferential sur-
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face was achieved. From this result, even if a vacuum
thermal insulator 30 that is curved to a large radius of
curvature is fabricated, high insulation performance can
be ensured.

Advantageous effects of Vacuum Insulation Material 30
according to Embodiment 3

[0076] The vacuum thermal insulator 30 according to
Embodiment 3 has the following advantageous effects,
in addition to the same advantageous effects as those
provided by the vacuum thermal insulator 10 according
to Embodiment 1.

[0077] In the vacuum thermal insulator 30 according
to Embodiment 3, a plurality of fiber recesses 7 are pro-
vided in the surface of the fiber sheet 31 at the interval
P (which is larger than the interval R) in the direction V
perpendicular to the direction H, which is the bending
direction of the vacuum thermal insulator 30. By doing
so, the number of thickness-direction fibers 6 per unit
area of the fiber sheet 31 is reduced, making it possible
to suppress deterioration of the insulation performance
due to solid heat conduction.

[0078] Furthermore, because, when the vacuum ther-
mal insulator 30 is formed in a curved shape, bending is
performed such that bending occurs at the thickness-
direction fibers 6, formation of deep creases on the inner
circumferential side is suppressed, reducing the propor-
tion of the heat insulation fibers 5 in the fiber sheet 31,
which constitutes the core 3, inclined in the heat-transfer
direction, and hence suppressing a decrease in heat
transfer efficiency. Moreover, because the vacuum ther-
mal insulator 30 is bent such that bending occurs at the
thickness-direction fibers 6, for example, the vacuum
thermal insulator 30 can be formed in a curved shape
having a large radius of curvature, such as, for example,
a radius of curvature of 85 mm.

Embodiment 4

[0079] Embodiment 4 of the present invention will be
described below, focusing on the difference from Em-
bodiments 1 to 3. Explanations that overlap those of Em-
bodiments 1 to 3 will be (partially) omitted, and the com-
ponents the same as or corresponding to those in Em-
bodiments 1 to 3 will be denoted by the same reference
signs.

[0080] In Embodiment 4, when a filament bundle is
opened, and the fibers are spread into a flat laminated
structure to fabricate a fiber sheet, the proportion of the
heat insulation fibers 5 oriented in a first proportion di-
rection, which is parallel to the surface of the fiber sheet,
is differentiated from the proportion of the heat insulation
fibers 5 oriented in a second proportion direction, which
is parallel to the surface of the fiber sheet and is perpen-
dicular to the first proportion direction. The core 3 is
formed by laminating the fiber sheets such that their first
proportion directions are aligned with one another and
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their second proportion directions are aligned with one
another.

[0081] In Embodiment 4, a vacuum thermal insulator
was fabricated using the same method as in Embodiment
3, and the vacuum thermal insulator was formed in a
curved shape having a radius of curvature of 190 mm.
Herein, the direction in which a lower proportion of fibers
are oriented is the direction in which the vacuum thermal
insulator is easily bent. Hence, in the vacuum thermal
insulator, the direction H shown in FIG. 6 is the direction
in which a lower proportion of fibers are oriented, and the
direction V is the direction in which a higher proportion
of fibers are oriented. As aresult of measuring the thermal
conductivity of this curved vacuum thermal insulator, a
thermal conductivity of 0.0017 W/(m-K) was obtained.

Advantageous Effects of Vacuum Insulation Material ac-
cording to Embodiment 4

[0082] The vacuum thermal insulator according to Em-
bodiment 4 has the following advantageous effects, in
addition to the same advantageous effects as those pro-
vided by the vacuum thermal insulator 10 according to
Embodiment 1.

[0083] In the vacuum thermal insulator according to
Embodiment 4, the core 3 is formed by laminating the
fiber sheets such that their first proportion directions are
aligned with one another and their second proportion di-
rections are aligned with one another, and the direction
in which a lower proportion of fibers are oriented is set
to the direction H, and the direction in which a higher
proportion of fibers are oriented is set to the direction V.
[0084] By doing so, even when the vacuum thermal
insulator is formed in a curved shape, the heat insulation
fibers 5 themselves are less likely to be subjected to a
load during bending. Thus, the heat insulation fibers 5
are less likely to be inclined in the heat-transfer direction,
whereby the solid heat conduction is suppressed even
more, and deterioration of the insulation performance can
be suppressed.

Embodiment 5

[0085] Embodiment 5 of the present invention will be
described below, focusing on the difference from Em-
bodiments 1 to 4. Explanations that overlap those of Em-
bodiments 1 to 4 will be (partially) omitted, and the com-
ponents the same as or corresponding to those in Em-
bodiments 1 to 4 will be denoted by the same reference
signs.

[0086] FIG.8isaschematicperspective view of ahem-
ispherical vacuum thermal insulator 50 according to Em-
bodiment 5 of the presentinvention, FIG. 9 is a schematic
view showing the surface of a fiber sheet 51 of the hem-
ispherical vacuum thermal insulator 50 according to Em-
bodiment 5 of the present invention, and FIG. 10 is a
schematic view showing the surface of a fiber sheet 51a
of a vacuum thermal insulator 50a, which is different from
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that in FIG. 9.

[0087] As shown in FIG. 8, the vacuum thermal insu-
lator 50 according to Embodiment 5 is formed in a hem-
ispherical shape (a hemispherical shell shape) and is dis-
posed so as to cover an end plate part of an object 16 to
be kept warm, which stores a heat medium. That is, the
cores 3 of the vacuum thermal insulators 50 and 50a are
formed in a hemispherical shape. Furthermore, the objet
16 to be kept warm and the vacuum thermal insulator 50
together constitute a heat retainer.

[0088] The fiber recesses 7 are distributed in a radial
pattern way from the center, as shown in FIG. 9, and in
a pattern of concentric circles around the center, as
shown in FIG. 10, respectively, over the surfaces of the
fiber sheets 51 and 51a, on the inner circumferential side
when bent. Note that the distribution of the fiber recesses
7 in the fiber sheets 51 and 51a in a radial pattern and a
pattern of concentric circles, respectively, is centered at
the apex of the hemisphere.

[0089] First, by laminating these fiber sheets 51 and
51a such that the fiber recesses 7 are laminated in the
same direction, samples of flat-plate-shaped vacuum
thermalinsulators 50 were fabricated. Next, the flat-plate-
shaped vacuum thermal insulators 50 were pressed into
a hemispherical shape, such that the fiber recesses 7
are located on the inner circumferential side.

[0090] The radius of the hemisphere at this time was
set to about 190 mm. With typical conventional vacuum
thermal insulators, such as a wet-process glass fiber
sheet, which is formed of short glass fibers by using a
paper-making method, and a dry-process glass fiber
sheet, in which molten glass is formed into glass fibers
by centrifugation using a spinner, a smooth end plate
shape could not be achieved. However, with Embodi-
ment 5, both samples could be formed in a hemispherical
shape having a curved shape.

[0091] Furthermore, although, as a reference, the vac-
uum thermal insulators 50 and 50a were formed into a
hemispherical shape such that the fiber recesses 7 were
located on the outer circumferential side, the creases
formed on the inner circumferential side of the vacuum
thermal insulators 50 and 50a were deeper than those
in the case where the fiber recesses 7 were located on
the inner circumferential side. The reason for this may
be considered that the spaces in the fiber recesses 7 had
an effect of absorbing the difference between the inner
and outer circumferential lengths of the vacuum thermal
insulators 50 and 50a caused when bending was per-
formed.

[0092] Furthermore, as shown in Embodiment 1, be-
cause the movement of the gas remaining in the vacuum
thermal insulators 50 and 50a can be suppressed even
more with the configuration in which the fiber recesses
7 are formed on the inner circumferential side, this con-
figuration is considered to be desirable, also from the
standpoint of the insulation performance.
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Advantageous effects of Vacuum Insulation Materials 50
and 50a

according to Embodiment 5

[0093] The vacuum thermal insulators 50 and 50a ac-
cording to Embodiment 5 have the following advanta-
geous effects, in addition to the same advantageous ef-
fects as those provided by the vacuum thermal insulator
10 according to Embodiment 1.

[0094] The vacuum thermal insulators 50 and 50a ac-
cording to Embodiment 5 are formed in a hemispherical
shape, and the fiber recesses 7 in the fiber sheets 51
and 51a are distributed in a radial pattern and a pattern
of concentric circles, respectively, centered at the apex
of the hemisphere. Even with these shapes, deterioration
of the insulation performance of the vacuum thermal in-
sulators 50 and 50a can be suppressed.

[0095] Hence, itis possible to attach the vacuum ther-
mal insulators 50 and 50a to the end plate part, which
serves as the ceiling of the objet 16 to be kept warm,
where the temperature tends to be high, and thus to ef-
fectively suppress the heat dissipation from the objet 16
to be kept warm. Therefore, when, for example, the objet
16 to be kept warm constitutes a part of a boiler system,
the efficiency of the boiler system can be improved.
[0096] Note that, in Embodiment 5, although the fiber
recesses 7 in the surfaces of the fiber sheets 51 and 51a
are arranged in a radial pattern and a pattern of concen-
tric circles, respectively, the fiber recesses 7 in the sur-
faces of the fiber sheets 51 and 51a may be arranged in
a pattern including both radial pattern and pattern of con-
centric circles. Also with such a configuration, it is pos-
sible to obtain the same advantageous effects as those
obtained when the fiber recesses 7 in the surfaces of the
fiber sheets 51 and 51a are arranged in a radial pattern
and a pattern of concentric circles, respectively, and to
achieve high flexibility.

Embodiment 6

[0097] Embodiment 6 of the present invention will be
described below, focusing on the difference from Em-
bodiments 1 to 5. Explanations that overlap those of Em-
bodiments 1 to 5 will be (partially) omitted, and the com-
ponents the same as or corresponding to those in Em-
bodiments 1 to 5 will be denoted by the same reference
signs.

[0098] FIG. 11isan enlarged schematic sectional view
of fiber sheets 61 of a vacuum thermal insulator 60 ac-
cording to Embodiment 6 of the present invention.
[0099] In the vacuum thermal insulator 60 according
to Embodiment 6, as shown in FIG. 11, a slide film 12,
which reduces friction, is inserted between the inner cir-
cumferential surface of the core 3 and the outer covering
sheet 4a. The other configurations are the same as those
of the vacuum thermal insulator 10 according to Embod-
iment 1.
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[0100] The provision of the slide film 12 between the
inner circumferential surface of the core 3 (the fiber sheet
11 on the inner circumferential side) and the enclosure
4 makes the laminated fiber sheet 11, which has high
porosity and has flexibility, and the enclosure 4, which
has almost no flexibility, less likely to be constrained by
each other when bent. Owing to the provision of this slide
film 12, it is possible to suppresses local flexure of the
fiber sheet 61, even when bending with a large radius of
curvature is performed, as in the vacuum thermal insu-
lator 60.

[0101] The slide film 12 is formed of a single, low-fric-
tion-coefficient film, such as a PET film, or of a plurality
of suchfilms laminated on one another, and the thickness
of the slide film 12 may be, for example, 100 uwm or less.
Note that, when a plurality of slide films 12 are laminated,
due to sliding between the individual films, the friction
(stress) occurring between the fiber sheet 61 and the
enclosure 4 during bending can be reduced. Further-
more, although the fibers of the fiber sheet 61 may stand
up at the creases produced by bending the vacuum ther-
mal insulator 60, by providing the slide film 12 between
the fiber sheet 61 and the enclosure 4, standing up of
the fibers of the fiber sheet 61 may be suppressed.
[0102] Theinsulation performance of the thus-fabricat-
ed vacuum thermal insulator 60 according to Embodi-
ment 6 was evaluated in the same way as in Embodiment
1. Avacuum thermal insulator 60 was fabricated, in which
a PET film having the same planar size as the fiber sheet
11 and having a thickness of 50 um was disposed on the
surface of the fiber sheet 61 provided with the fiber re-
cesses 7, the surface being located on the inner circum-
ferential side when bending was performed.

[0103] When a vacuum thermal insulator without the
slide film 12 was bent to a radius of curvature of 50 mm,
the core 3 flexed entirely in the radial direction, in the
surface located on the inner circumferential side when
bending was performed. However, this phenomenonwas
not observed in the vacuum thermal insulator 60 in which
the slide film 12 was inserted.

Advantageous effects of Vacuum Insulation Material 60
according to Embodiment 6

[0104] The vacuum thermal insulator 60 according to
Embodiment 6 has the following advantageous effects,
in addition to the same advantageous effects as those
provided by the vacuum thermal insulator 10 according
to Embodiment 1.

[0105] In the vacuum thermal insulator 60 according
to Embodiment 6, because the low-friction-coefficient
slide film 12 is provided between the inner circumferential
surface of the core 3 and the enclosure 4, even when the
vacuum thermal insulator 60 is bent to large radius of
curvature, the friction between the core 3 and the enclo-
sure 4 is reduced, and the ease of sliding is improved.
Thus, itis possible to suppress formation of a significantly
flexed part. Note that, also in a part having a small radius
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of curvature, the same advantageous effects can be ob-
tained by using the vacuum thermal insulator 60.

Embodiment 7

[0106] Embodiment 7 of the present invention will be
described below, focusing on the difference from Em-
bodiments 1 to 6. Explanations that overlap those of Em-
bodiments 1 to 6 will be (partially) omitted, and the com-
ponents the same as or corresponding to those in Em-
bodiments 1 to 6 will be denoted by the same reference
signs.

[0107] FIG. 12is a schematic sectional view of a heat-
retaining tank 13 according to Embodiment 7 of the
present invention.

[0108] In Embodiment 7, as shown in FIG. 12, a cylin-
drical vacuum thermal insulator 70a is wound around
substantially the entirety of the outer circumference of a
tank body part 14a of a cylindrical heat-retaining tank 13,
which stores a heat medium. Furthermore, a tank upper-
end-plate part 14b is covered with a curved vacuum ther-
mal insulator 70b, and a tank lower-end-plate part 14c is
covered with a curved non-vacuum thermal insulator 15.
The heat-retaining tank 13 and the vacuum thermal in-
sulators 70a and 70b (and the non-vacuum thermal in-
sulator 15) together constitute the heat retainer.

[0109] The vacuum thermal insulators 70a and 70b
had the same specification as those shown in Embodi-
ments 3and 5, and the fabrication method was performed
according to the steps shownin Embodiment 1. The non-
vacuum thermal insulator 15 is an EPS (bead method
polystyrene foam) insulation material and is formed so
as to conform to the shape of the tank lower-end-plate
part 14c, which is at the bottom of the heat-retaining tank
13.

[0110] The heat-retaining tank 13 is filled with water,
which is boiled by a heat source (not shown). Examples
of the heat source include a method in which water is
directly heated by an electric heater provided inside the
heat-retaining tank 13, an indirect heating method using
water circulated from another heat source, such as an
exhaust heat recovery system of, for example, a fuel-cell
power generation system.

[0111] Heat dissipation was actually evaluated in the
environment in which the outside air was set to 4 °C,
using a heat-retaining tank 13 having a barrel diameter
of 600 mm and a capacity of 370 L, which was filled with
hotwater of 90 °C by an electric heater. First, the vacuum
thermal insulators 70a and 70b having a thickness of 8
mm and the non-vacuum thermal insulator 15 having a
thickness of 50 mm were used as the insulation materials
of the heat-retaining tank 13, and the amount of heat
dissipation from the heat-retaining tank 13 was measured
before and after the elapse of eight hours.

[0112] Next, the tank upper-end-plate part 14b was
changed to the non-vacuum thermal insulator 15 (the oth-
ers were not changed), and the amount of heat dissipa-
tion from the heat-retaining tank 13 was measured before
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and after the elapse of eight hours. Then, the amounts
of heat dissipation were compared. As a result, it was
confirmed that the total amount of heat dissipation was
lower by about 10 % in the case where the insulation
material of the tank upper-end-plate part 14b was formed
of the vacuum thermal insulator 70b than in the case
where the tank upper-end-plate part 14b was formed of
the non-vacuum thermal insulator 15.

[0113] Thus, in the heat-retaining tank 13 according to
Embodiment 7, the vacuum thermal insulator 70b may
be applied to the tank upper-end-plate part 14b, and,
because the amount of heat dissipation is reduced, a
cylindrical heat-retaining tank 13 having high insulation
performance against the outside air can be achieved.
[0114] Note that the arrangement of the insulation ma-
terials is not limited to this example, and, to prevent heat
leakage from gaps present at parts where the insulation
materials are joined, it is desirable that additional insu-
lation materials be provided at necessary parts.

[0115] Furthermore, the non-vacuum thermal insulator
15 is not limited to the aforementioned one, but may be,
for example, an insulation material such as glass wool.
[0116] Note that, although examplesinwhich the fibers
of the fiber sheets are glass fiber have been described
also in Embodiments 1 to 6 described above, the fibers
of the fiber sheets do not necessarily have to be the glass
fiber, but may be fibers of a polymeric material, such as
polyester, polypropylene, or polystyrene. When the fibers
of the fiber sheets are made of such a polymeric material,
for example, a spunbonding method may be used, in
which plastic pellets are melted, extruded from nozzles,
and drawn, while being cooled, into fibers by using, for
example, an ejector.

[0117] The thus-formed fibers are gathered on a belt
conveyor and formed into a lightweight sheet (thin sheet).
The sheet is then subjected to needle-punching and
formed into a fiber sheet and then into a sheet roll. As
has been described, even when the fibers of the fiber
sheets are made of a polymeric material, similar fiber
sheets can be fabricated.

Advantageous Effects of Heat-Retaining Tank 13 ac-
cording to Embodiment 7

[0118] The heat-retaining tank 13 (heat retainer) cov-
ered with the vacuum thermal insulators 70a and 70b
according to Embodiment 7 has the same advantageous
effects as those provided by Embodiments 1 to 6.

Embodiment 8

[0119] Embodiment 8 of the present invention will be
described below, focusing on the difference from Em-
bodiments 1 to 7. Explanations that overlap those of Em-
bodiments 1 to 7 will be (partially) omitted, and the com-
ponents the same as or corresponding to those in Em-
bodiments 1 to 7 will be denoted by the same reference
signs.
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[0120] FIG. 13 is a chart showing the relationship be-
tween the radius of curvature of the vacuum thermal in-
sulator when bent and the amount of heat dissipation,
accordingto Embodiment 8 ofthe presentinvention. Note
that FIG. 13 shows an anticipated relationship between
the amount of heat dissipation and the proportion of an
interval Pi between the fiber recesses 7 in the bending
direction of the vacuum thermal insulator (direction H) in
the radius of curvature Ra when the vacuum thermal in-
sulator is bent. Herein, the interval between the fiber re-
cesses 7 in the direction V of the fiber recesses 7 is con-
stant. Specifically, when the vacuum thermal insulator is
bent, the number of fiber recesses 7 per unit area of the
fiber sheet 11 is not constant.

[0121] For example, it is understood that, when the
vacuum thermal insulator is bent into a curved shape as
shown in FIG. 6, if the radius of curvature is small, in an
area where Pi/ Ra is greater than substantially 0.03, the
amount of heat dissipation increases unless the interval
between the fiber recesses 7 is reduced, and the insula-
tion performance tends to be deteriorated.

[0122] The main factor of this is considered that, if the
interval between the fiber recesses 7 is large, when the
vacuum thermal insulator is bent to a small radius of cur-
vature, compared with a case where the vacuum thermal
insulator is bentto alarge radius of curvature, the vacuum
thermal insulator is bent in a polygonal shape, leaving
gaps between the vacuum thermal insulator and the ob-
ject to be insulated, which facilitates heat transfer.
[0123] Another main factor is considered that, be-
cause, at portions close to the corners of the polygonal
shape, the fibers are inclined in the radial direction of an
object to which the vacuum thermal insulator is attached
(i.e., the thickness direction of the vacuum thermal insu-
lator), the solid heat conduction through the fibers inside
the vacuum thermal insulator increases.

[0124] Furthermore, when Pi/Ra exceeds 0.2, the in-
fluence of these factors becomes more significant, in-
creasing the amount of heat dissipation. Meanwhile, also
in an area where Pi / Ra is small, the amount of heat
dissipationincreases, and, in particular, in an area where
Pi / Ra is smaller than 0.005, the amount of heat dissi-
pation sharply increases.

[0125] This is because, as the number of the fiber re-
cesses 7 per unit area increases, the solid heat conduc-
tion from the thickness direction fibers 6 of the vacuum
thermal insulator increases. Hence, by setting Pi/ Ra to
0.005 to 0.2, it is possible to reduce the amount of heat
dissipation and to achieve a curve-shaped vacuum ther-
mal insulator having high insulation performance. To ob-
tain even higher insulation performance, it is desirable
to set Pi/ Ra to 0.007 to 0.15, without the margin.
[0126] Notethat, as described above, in the fabrication
of the fiber sheets 11, depending on the thickness of the
sheets and the length of the fibers, limiting conditions
that can be associated with the interval between the fiber
recesses 7 are established. In other words, the range of
Pi/Ra shown herein does not indicate the range in which
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the fiber sheets 11 can be produced.

Advantageous effects of Vacuum Insulation Material ac-
cording to Embodiment 8

[0127] In the vacuum thermal insulator according to
Embodiment 8, by setting Pi / Ra to 0.005 to 0.2, it is
possible to reduce the amount of heat dissipation and to
achieve high insulation performance according to the ra-
dius of curvature of the bending.

Embodiment 9

[0128] Embodiment 9 of the present invention will be
described below, focusing on the difference from Em-
bodiments 1 to 8. Explanations that overlap those of Em-
bodiments 1 to 8 will be (partially) omitted, and the com-
ponents the same as or corresponding to those in Em-
bodiments 1 to 8 will be denoted by the same reference
signs.

[0129] FIG. 14isanenlarged schematic sectional view
of a bent vacuum thermal insulator 90 according to Em-
bodiment 9 of the present invention.

[0130] In Embodiment 9, the core 3 is formed by lam-
inating a plurality of fiber sheets 91, and the interval be-
tween the fiber recesses 7 in the bending direction is
larger in the fiber sheet 91 located on the outer circum-
ferential side than in the fiber sheet 11 located on the
inner circumferential side.

[0131] When the core 3 has a laminated structure (i.e.,
a structure in which a plurality of fiber sheets 91 are lam-
inated), the radius of curvature of the fiber sheet 11 that
is located on the inner circumferential side when bending
is performed is different from that of the fiber sheet 11
that is located on the outer circumferential side when
bending is performed. Hence, in Embodiment 9, the in-
terval, in the bending direction, between the fiber recess-
es 7 in the fiber sheet 91 that is located on the outer
circumferential side when bending is performed is set
larger than the interval, in the bending direction, between
the fiber recesses 7 in the fiber sheets 91 that is located
on the inner circumferential side when bending is per-
formed.

Advantageous Effects of Vacuum Insulation Material 90
according to Embodiment 9

[0132] In the vacuum thermal insulator 90 according
to Embodiment 9, the interval, in the bending direction,
between the fiber recesses 7 in the fiber sheet 91 that is
located on the outer circumferential side when bending
is performed is set larger than the interval, in the bending
direction, between the fiber recesses 7 in the fiber sheets
91 that is located on the inner circumferential side when
bending is performed.

[0133] Because this configuration can make the angle
formed between adjacent fiber recesses in the bending
direction when the vacuum thermal insulator 90 is bent
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uniform among all the laminated fiber sheets 11, which
have different circumferential lengths, bending is easy.
Furthermore, because the number of the thickness-di-
rection fibers 6 in the fiber sheet 91 that is located on the
inner circumferential side when bending is performed can
be reduced, insulation performance can be improved.
[0134] Note thatFIGs. 2, 3,4, 5, 11, and 14, which are
used to explain the present invention, are partially en-
larged views for making the understanding of the fiber
distribution in the thickness direction easy, and the ver-
tical-to-horizontal ratio is not specifically limited to those
illustrated. In addition, the interval between the fiber re-
cesses in FIGs. 7, 9, and 10 does not suffer from any
dimensional limitations.

List of Reference Signs

[0135]

3 core

4 enclosure

4a outer covering sheet

5 heat insulation fiber

6 thickness-direction fiber

6a second thickness-direction fiber
7 fiber recess

7a second fiber recess
10 vacuum thermal insulator
11 fiber sheet

11a fiber sheet

12 slide film

13 heat-retaining tank

14a  tank body part

14b  tank upper-end-plate part
14c  tank lower-end-plate part

15 non-vacuum thermal insulator
16 objet to be kept warm

20 vacuum thermal insulator
21 fiber sheet

30 vacuum thermal insulator
31 fiber sheet

50 vacuum thermal insulator
50a vacuum thermal insulator
51 fiber sheet

51a fiber sheet

60 vacuum thermal insulator
61 fiber sheet

70a  vacuum thermal insulator
70b  vacuum thermal insulator
90 vacuum thermal insulator
91 fiber sheet

Claims
1. A vacuum thermal insulator comprising:

- acore formed of a single fiber sheet comprising
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heat insulation fibers extending in a plane direc-
tion, or a lamination of a plurality of such fiber
sheets; and

- an enclosure accommodating the core,

the vacuum thermal insulator being deformable by
bending to have a curved shape at least at a part of
the vacuum thermal insulator,

the fiber sheet including a plurality of thickness-di-
rection fibers being a part of the heat insulation fibers
and extending in a thickness direction of the fiber
sheet, the fiber sheet comprising a plurality of fiber
recesses provided in at least one surface thereof.

The vacuum thermal insulator of claim 1,

wherein the one surface of the fiber sheet is located
on an inner circumferential side when the vacuum
thermal insulator is formed in the curved shape.

The vacuum thermal insulator of claim 1 or 2,
configured to satisfy a relationship, t/ Px < 1, where
tis athickness of the fiber sheet, and Px is aninterval
between the thickness-direction fibers.

The vacuum thermal insulator of any one of claims
1to 3,

wherein the fiber recesses are arranged along a
bending direction of the fiber sheet at an interval and
a direction perpendicular to the bending direction of
the fiber sheet, at an other interval,

the interval between the fiber recesses in the bend-
ing direction of the fiber sheet is smaller than the
other interval.

The vacuum thermal insulator of any one of claims
1 to 4,

wherein the core is configured to have different pro-
portions between the fibers oriented in the bending
direction and the fibers oriented in the direction per-
pendicular to the bending direction,

the fibers oriented in the bending direction being
smaller in proportion.

The vacuum thermal insulator of any one of claims
1to 3,

wherein the vacuum thermal insulator is formed in a
hemispherical shape, and the fiber sheetis provided
with a plurality of fiber recesses in a radial pattern
centered at an apex of the hemisphere, a pattern of
concentric circles centered at the apex of the hemi-
sphere, or a pattern including both radial pattern and
pattern of concentric circles.

The vacuum thermal insulator of any one of claims
1 to 6,

further comprising a slide film configured to reduce
friction between the core and the enclosure between
a surface of the core located on the inner circumfer-
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ential side when the vacuum thermal insulator is
formed in the curved shape and the enclosure.

The vacuum thermal insulator of any one of claims
1to 7,

wherein at least some of the fiber recesses satisfy a
relationship 0.005 < Pi / Ra < 0.2, where Pi is an
interval of the fiber recesses in the bending direction
of the fiber sheet, and Ra is a radius of curvature
when the vacuum thermal insulator is formed in a
curved shape.

The vacuum thermal insulator of any one of claims
1 to 8,

wherein the core is formed by laminating a plurality
of the fiber sheets, and, the interval in each of the
fiber sheets, in the bending direction of the fiber
sheet, between the fiber recesses is smaller than the
interval in the fiber sheet located on the outer cir-
cumferential side thereof when the vacuum thermal
insulator is formed in the curved shape.

The vacuum thermal insulator of any one of claims
1to09,

wherein the thickness-direction fibers and the fiber
recesses are formed by inserting needles used in a
needle-punching method into the fiber sheet.

The vacuum thermal insulator of any one of claims
1to 10,

wherein the fiber recesses are provided only in the
one surface of the fiber sheet.

A heat retainer comprising:

a cylindrical heat-retaining tank that stores a
heat medium; and

the vacuum thermal insulator of any one of
claims 1 to 11 configured to cover an outer cir-
cumference of the heat-retaining tank.
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